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(57) ABSTRACT 

A bipolar transistor 120 comprises a substrate 1, a intrinsic 
base region 11 and an extrinsic base region 12. The intrinsic 
base region 11 comprises a silicon buffer layer 109 com 
prised of silicon which is formed on the substrate 1, and a 
composition-ratio graded base layer 111 which is formed on 
the silicon buffer layer and comprises silicon and at least 
germanium and where a composition ratio of the germanium 
to the silicon varies in a thickness direction of the compo 
sition-ratio graded base layer 111. The extrinsic base region 
12 comprises an extrinsic base formation layer 113 com 
prised of silicon which is formed on the substrate and 
adjacent to the silicon buffer layer. And the thickness of the 
extrinsic base formation layer 113 is not less than 40 nm. 
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HETEROUNCTION BIPOLAR TRANSISTOR AND 
METHOD FOR MANUFACTURING SAME 

TECHNICAL FIELD 

0001. The present invention relates to a heterojunction 
bipolar transistor with base layers formed by epitaxial 
growth and a method for manufacturing the same. 

BACKGROUND ART 

0002. In the field of bipolar transistors, energetically 
developed are heterojunction bipolar transistors (HBTs) in 
which materials different in bandwidth are introduced to 
base layers using epitaxial growth to increase device speed. 
HBT with base layers using family-IV semiconductor mate 
rials such as SiGe (silicon-germanium) material and SiGeC 
(silicon-germanium carbon) material is highly expected as a 
high-speed device because the device can be formed on a Si 
substrate and integration with CMOS circuits and large 
Substrate are advantageous in terms of high performance and 
low cost. 

0003) A typical configuration example of a conventional 
HBT using SiGe for heterojunction (hereinafter referred as 
to SiGe HBT) is explained with reference to FIG. 23. While 
the HBT using SiGe material for base layers is exemplified 
here, a HBT using SiGeC material for the base layers is to 
have the same configuration. 
0004 The SiGe HBT is generally classified into a double 
polysilicon structure and a single-polysilicon structure. FIG. 
23(a) is a typical schematic sectional view of the SiGe HBT 
of the double-polysilicon structure and FIG. 23(b) is that of 
the SiGe HBT of the single-polysilicon structure. 
0005 First, the SiGe HBT of double-polysilicon is 
explained with reference to FIG. 23(a). 
0006 A polysilicon layer 103 corresponding to an extrin 
sic base region is formed in advance on a Si Substrate 
provided with an isolation area 101 and a collector region 
102. And the polysilicon layer 103 is subject to a patterning 
treatment by etching. An epitaxial SiGe layer 104 corre 
sponding to an intrinsic base region selectively and epitaxi 
ally grows on an HBT formation region removed the poly 
silicon layer 103. 
0007. In this configuration, the polysilicon layer 103 and 
the epitaxial SiGe layer 104 can not be formed simulta 
neously or continuously. Therefore, it is difficult to avoid 
native oxide film formed on an interface 105 between the 
epitaxial SiGe layer 104 and the polysilicon layer 103. Also, 
there is a possibility of generating void inside the interface 
105. Thereby, the SiGeHBT of the double-polysilicon struc 
ture increases contact resistance between the polysilicon 
layer 103 and the epitaxial SiGe layer 104 and it causes a 
problem that uneven contact resistance exists among prod 
ucts. And it has further problems that manufacturing process 
is complicated and process window is Small during selective 
growth. From these viewpoints, the SiGeHBT of the double 
polysilicon structure is not suitable for mass production. 
0008 Next, the SiGeHBT of the single-polysilicon struc 
ture is explained with reference to FIG. 23(b). 
0009. Using a non-selective growth method, an epitaxial 
SiGe layer 106 corresponding to the intrinsic base region 
epitaxially grows on the Si substrate directly above the 
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collector region 102. Simultaneously, a polySiGe layer 107 
corresponding to an extrinsic base region epitaxially grows 
on an isolation region 101. And then a silicide layer 108 is 
formed on a surface of the polySiGe layer 107. 
0010 Because this structure enables the PolySiGe layer 
107 and the epitaxial SiGe 106 to form simultaneously, 
neither native oxide film nor void is formed on the interface 
between epitaxial SiGe layer 107 and polySiGe layer 106. 
Therefore, increase of contact resistance between both lay 
ers is fundamentally solved. And the manufacturing process 
of the SiGe HBT of the single polysilicon structure is 
simpler than that of the double-polysiliconstructure. Further 
the process window of the non-selective growth is larger 
than that of selective growth. 
0011 Thus, the SiGeHBT of the single-polysilicon struc 
ture is suitable for mass production. 
0012 International Publication WO01/88994 is a public 
known material to disclose SiGeHBT technology. 

DISCLOSURE OF THE INVENTION 

0013 With the SiGeHBT of the conventional SiGeHBT 
structure, the epitaxial SiGe layer 106 corresponding to the 
intrinsic base region and the polySiGe layer 107 correspond 
ing to the extrinsic base region are formed by the same 
manufacturing process simultaneously, thereby a Ge com 
position profile existing in the extrinsic base region is 
inevitably coincided with that existing in the intrinsic base 
region. 
0014) However, the Ge composition profile optimized in 
the intrinsic base region is not necessarily Suitable as a Ge 
composition profile of the extrinsic base region. Accord 
ingly, the inventor considers the following defects occur. 
0.015 FIG. 24 shows layer structure of the base layers of 
the conventional SiGeHBT, and FIG. 25 shows change of 
the Ge composition profile contained in each layer of the 
base layers. 
0016 A Sibuffer layer 109, a non-dope SiGe spacer layer 
110, a B-dope SiGe graded base layer 111, and a Si cap layer 
112 are formed in order upwardly from the Si substrate. 
These layers, 109, 110, 111, 112 as a whole are represented 
by “the intrinsic base region 106' and correspond to the 
monocrystal epitaxial SiGe layer 106 shown in FIG. 23 (b). 
0017. Similarly, a first layer 113 as an extrinsic base 
formation layer (the layer formed simultaneously with the Si 
buffer layer 109), a second layer 114 formed simultaneously 
with the non-dope SiGe spacer layer 110, a third layer 115 
formed simultaneously with the B-dope SiGe graded base 
layer 111, and a fourth layer 116 formed simultaneously with 
the Si cap layer 112 are formed in order upwardly from the 
substrate. These layers 113, 114, 115 and 116 as a whole are 
represented by “the extrinsic base region 107 and corre 
spond to the polycrystal polySiGe layer 107 shown in FIG. 
23(b). 
0018. The Ge composition profile of the layer structure 
corresponding to the intrinsic base region 106 is optimized 
to improve device property. For example, the Si graded base 
layer 111 has the graded composition base structure in which 
Ge content gradually increases from the emitter to the 
collector. Thereby, an electric field is formed inside the base 
layer, which accelerates the carrier (electron) so as to 
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decrease electron transit time for the base layer, and then 
high frequency property (high speed of the device) is 
obtained. 

0019. In addition, recently, it has been studied to decrease 
an electron transit time for the base layer by thinning 
thickness of the intrinsic base region 106 (e.g. thinning 
thickness of the Sicap layer 112) to increase a speed of SiGe 
HBTS. 

0020. In FIG. 26, thickness of the Sicap layer 112 of the 
intrinsic base region 106 is represented by a horizontal axis 
and the base resistance and the maximum gained frequency 
fmax is represented by a vertical axis. FIG. 26 illustrates the 
state of variation of measured finax data and the base 
resistance for the thickness of Si cap layer 112. 
0021 Values of the vertical axis (values of base resis 
tance and fmax) are relative values which are normalized 
and rearranged with each value in 30 nm thickness of the Si 
cap 112. 
0022. According to FIG. 26, an unexpected result is that 
although the Si cap layer 112 is thinned and intended to 
speed up the device, the base resistance rapidly increases 
with the thickness of not less than 10 nm and then finax 
largely decreases. 
0023 The primary factor of increase of this base resis 
tance may be that because the Si cap layer 112 of the 
intrinsic base region 106 and the fourth layer 116 comprising 
silicon of the extrinsic base region 107 are thinned, Ge atom 
contained in the lower third layer 115 (SiGe layer) inhibits 
the formation of the silicide layer so as to increase resistance 
of the silicide layer 108 during the silicidation of the surface 
of the fourth layer 116. 
0024. That is, it may be assumed that silicidation of 
silicon is inhibited due to the fact that the Ge concentration 
in the vicinity of the surface of the fourth layer 116 with a 
decrease in the film thickness of the fourth layer 116 of the 
extrinsic base region 107 increases, thereby increasing a 
resistance of the silicide layer 108 
0025. It has been reported that this phenomenon is espe 
cially remarkable in the silicidation using cobalt (Co) in 
“IEEE Electron Device Letters vol. 23 No. 8 (2002) 464 
466. 

0026 Rim et al. have described the problem that simi 
larly in MOSFET using SiGe material the resistance of the 
silicide layer resulting from Ge atom also increases and the 
countermeasure against the problem in 2002 Symposium 
on VLSI Technology Digest 10-4”. 

0027 Rim et al. showed a finding that resistance of the 
silicide layer can be decreased by selective growth of the Si 
layer referred to as “raised source/drain (RDS)” on the SiGe 
layer immediately before the silicidation. 
0028. Further, Jagannathan et al. have described in “IEEE 
Electron Device Letters Vol. 23 (2002) P. 258-260 that, in 
the process of manufacturing SiGe HBTs of the single-poly 
silicon structure, the intrinsic base region is masked and the 
layer referred to as “raised extrinsic base' is formed on the 
extrinsic base region by selective growth after the epitaxial 
SiGe layer corresponding to the intrinsic base region and the 
polySiGe layer corresponding to the extrinsic base region 
are formed simultaneously. Although Jagannathan et al. did 
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not refer to the resistance of the silicide layer, they may 
imply that this function of “raised extrinsic base' improves 
inhibition of silicidation resulting from Ge atom. 
0029. However, these counter measures each require 
additional steps of selective growth, which invites compli 
cated processes and high cost of manufacturing SiGe HBTs. 
0030. An object of the present invention is to provide a 
SiGe HBT of the single-poly silicon structure and a method 
of manufacturing the same where the silicide layer can be 
evenly formed in the extrinsic base region for higher speed 
of transistor performance, so that high silicide resistance 
resulting from Ge atom can be prevented securely without 
complicated processes of manufacturing transistors. 
0031. In order to accomplish this object, a bipolar tran 
sistor of the present invention comprises a Substrate; an 
intrinsic base region having a silicon buffer layer comprised 
of silicon which is formed on said Substrate, and a compo 
sition-ratio graded base layer which is formed on the silicon 
buffer layer and comprises silicon and at least germanium 
and where a composition ratio of the germanium to the 
silicon varies in a thickness direction of the composition 
ratio graded base layer; and an extrinsic base region having 
an extrinsic base formation layer comprised of silicon which 
is formed on the substrate and adjacent to the silicon buffer 
layer; wherein each of the extrinsic base formation layer and 
the silicon buffer layer has a thickness of not less than 40 nm 
and a surface of the extrinsic base formation layer is 
silicided. 

0032. Further, a bipolar transistor of the present invention 
comprises a Substrate; an intrinsic base region having a 
silicon buffer layer comprised of silicon which is formed on 
said Substrate, and a composition-ratio graded base layer 
which is formed on the silicon buffer layer and comprises 
silicon and at least germanium and where a composition 
ratio of the germanium to the silicon varies in a thickness 
direction of the composition-ratio graded base layer; and an 
extrinsic base region having an extrinsic base formation 
layer comprised of silicon which is formed on said substrate 
and adjacent to the silicon buffer layer; wherein thickness of 
the extrinsic base formation layer is Substantially equal to a 
thickness of the silicon buffer layer and a surface of the 
extrinsic base formation layer is silicided. 
0033 With these configurations, the silicide layer can be 
formed on the extrinsic base formation layer after the 
extrinsic base formation layer with a predetermined thick 
film has been formed, thereby the silicide layer can be 
evenly formed on the extrinsic base formation layer. Further, 
a layer containing germanium does not exist beneath the 
extrinsic base formation layer, so that the silicidation is not 
inhibited by Ge atom during the formation of silicide layer 
in the extrinsic base formation layer, thereby higher silicide 
resistance can be securely prevented. 
0034. Here, the composition-ratio graded base layer may 
be a silicon germanium graded base layer which comprises 
silicon and germanium. 

0035) The silicon buffer layer may be comprised of 
monocrystal and the extrinsic base formation layer may be 
comprised of polycrystal. 

0036 Further, a method of manufacturing a bipolar tran 
sistor of the present invention comprises a step of forming 
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a masking layer on a Substrate so as to enclose a region 
including an active region; a step of forming an epitaxial 
base layer such that the epitaxial base layer has a silicon 
layer and a silicon-germanium layer in the active region; a 
step of non-selectively with respect to the epitaxial base 
layer, forming a poly-base layer Such that the poly-base layer 
has a silicon layer and a silicon-germanium layer in an 
isolation region of the region including the active region; 
and a step of thereafter removing the silicon-germanium 
layer of the poly-base layer by etching process to expose a 
Surface of the silicon layer as an extrinsic base formation 
layer, and a step of forming a silicide layer on the exposed 
Surface. 

0037. This manufacturing method employs steps where 
after the silicon-germanium layer has been laminated on the 
extrinsic base formation layer, the silicon-germanium layer 
is removed by etching to form the silicide layer on the 
extrinsic base formation layer. Thereby, silicidation is not 
inhibited by Ge atom in the step of forming the silicide layer 
on the extrinsic base formation layer and increase of silicide 
resistance is securely prevented. 
0038. The etching process is preferably a wet etching 
which uses an etchant made of a mixture comprising nitric 
acid, water and fluorinated acid. 

0039. Further, a bipolar transistor of the present invention 
comprises a Substrate; an intrinsic base region having a 
silicon buffer layer comprised of silicon which is formed on 
said substrate, and a composition-ratio graded base layer 
which is formed on the silicon buffer layer and comprises 
silicon and at least germanium and where a composition 
ratio of the germanium to the silicon varies in a thickness 
direction of the composition-ratio graded base layer; and an 
extrinsic base region having a first extrinsic base formation 
layer comprised of silicon which is disposed adjacent to the 
silicon buffer layer on the substrate; a second extrinsic base 
formation layer containing germanium which is formed on 
the first extrinsic base formation layer, together with the 
composition-ratio graded base layer; and a third extrinsic 
base layer comprised of silicon which is formed on the 
second extrinsic base formation layer, wherein germanium 
content of the second extrinsic base formation layer is lower 
than that of the composition-ratio graded base layer and a 
surface of the third extrinsic base formation layer is silicide. 
0040. This configuration makes the germanium content 
of the second extrinsic base formation layer lower than that 
of the silicon-germanium graded base layer. Thereby, it is 
ensured to prevent increase of silicide resistance resulting 
from inhibition of silicidation due to Ge atom during the step 
of forming the silicide layer on the silicon layer of the 
second extrinsic base formation layer. 
0041. The composition-ratio graded base layer may be 
comprised of monocrystal and the second extrinsic base 
formation layer may be comprised of polycrystal. 

0.042 A method of manufacturing a bipolar transistor of 
the present invention comprises a step of forming a masking 
layer on a Substrate so as to enclose a region including an 
active region; a step of forming a first silicon layer in the 
active region of the region including the active region while 
forming a second silicon layer in an isolation region of the 
region including the active region by a first vapor phase 
growth method; and a step of thereafter forming a first 
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silicon-germanium layer comprised of monocrystal on the 
first silicon layer while forming a second silicon-germanium 
layer comprised of polycrystal on the second silicon layer by 
a second chemical vapor phase growth method based on 
reactant gas of chlorine addition, wherein a silicide layer is 
formed on a surface of a third silicon layer as an extrinsic 
base formation layer formed on the second silicon-germa 
nium layer. Here, thickness of these layers is adjusted Such 
that germanium content of the second silicon-germanium 
layer is lower than that of the first silicon-germanium layer. 

0043. With this manufacturing method, the second sili 
con-germanium layer comprising silicon and germanium is 
formed by a vapor phase growth based on reactant gas of 
chlorine addition; thereby growth of the extrinsic base 
formation layer is Suppressed under etching function of the 
reactant gas containing chlorine. As a result, germanium 
content of the second silicon-germanium layer can be made 
lower than that of the first silicon-germanium layer. And, 
when forming the silicide layer on the third silicon layer 
covering the second silicon-germanium layer, it is ensured 
that silicidation is not affected by Ge atom so as to prevent 
increase of silicide resistance. 

0044) The above-mentioned object of the present inven 
tion, other objects, features, and advantages are taught by 
specific explanation on preferred embodiments mentioned 
below with reference to attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

004.5 FIG. 1 is a sectional view showing a SiGe HBT of 
a first embodiment in the present invention. 
0046 FIG. 2 is a sectional view showing a base layer of 
the SiGe HBT of the first embodiment in the present 
invention. 

0047 FIG. 3 is a sectional view showing a step of 
manufacturing the SiGe HBT of the first embodiment. 
0048 FIG. 4 is a sectional view showing a step following 
the step of FIG. 3 for manufacturing the SiGe HBT. 
0049 FIG. 5 is a sectional view showing a step following 
the step of FIG. 4 for manufacturing the SiGe HBT. 

0050 FIG. 6 is a sectional view showing a step following 
the step of FIG. 5 for manufacturing the SiGe HBT. 
0051 FIG. 7 is a sectional view showing a step following 
the step of FIG. 6 for manufacturing the SiGe HBT. 
0052 FIG. 8 is a sectional view showing a step following 
the step of FIG. 7 for manufacturing the SiGe HBT. 
0053 FIG. 9 is a sectional view showing a step following 
the step of FIG. 8 for manufacturing the SiGe HBT. 

0054 FIG. 10 is a sectional view showing a step follow 
ing the step of FIG. 9 for manufacturing the SiGe HBT. 

0055 FIG. 11 is a sectional view showing a step follow 
ing the step of FIG. 10 for manufacturing the SiGe HBT. 

0056 FIG. 12 is a sectional view showing a step follow 
ing the step of FIG. 11 for manufacturing the SiGe HBT. 

0057 FIG. 13 is a sectional view showing a step follow 
ing the step of FIG. 12 for manufacturing the SiGe HBT. 
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0.058 FIG. 14 is a sectional view showing a step follow 
ing the step of FIG. 13 for manufacturing the SiGe HBT. 
0059 FIG. 15 is a sectional view showing a SiGe HBT of 
a second embodiment in the present invention. 
0060 FIG. 16 is a sectional view showing a base layer of 
the SiGe HBT of the second embodiment in the present 
invention. 

0061 FIG. 17 is a sectional view showing a step of 
manufacturing the SiGe HBT of the second embodiment. 
0062 FIG. 18 is a sectional view showing a step follow 
ing the step of FIG. 17 for manufacturing the SiGe HBT. 
0063 FIG. 19 is a sectional view showing a step follow 
ing the step of FIG. 18 for manufacturing the SiGe HBT. 
0064 FIG. 20 is a sectional view showing a step follow 
ing the step of FIG. 19 for manufacturing the SiGe HBT. 
0065 FIG. 21 is a sectional view showing a step follow 
ing the step of FIG. 20 for manufacturing the SiGe HBT. 
0.066 FIG. 22 is a sectional view showing a step follow 
ing the step of FIG. 21 for manufacturing the SiGe HBT. 
0067 FIG. 23 is a sectional view showing the conven 
tional SiGe HBT. 

0068 FIG. 24 is a sectional view showing a base layer of 
the SiGe HBT. 

0069 FIG. 25 is a view showing a Ge atom composition 
profile of the base layer of the SiGe HBT. 
0070 FIG. 26 is showing a data of dependence measure 
ment of the Si cap film thickness with regard to the base 
resistance and fmax in the conventional SiGe HBT. 

0071 FIG. 27 is schematically showing SEM sectional 
pictures of Co silicided surfaces of extrinsic base formation 
layers (20 nm, 40 nm, and 60 nm). 
0072 FIG. 28 is a graph showing relation between thick 
ness of an extrinsic base formation layer (represented by a 
horizontal axis) and sheet resistance of a Co silicide layer 
(represented by a vertical axis). 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0.073 Embodiments of the present invention are 
explained with reference to the drawings. 

First Embodiment 

0074 FIG. 1 is a sectional view showing a configuration 
of SiGe HBT of a first embodiment in the present invention. 
0075. As shown in FIG. 1, arsenic ions are implanted into 
a surface of a P-type Si substrate 1 to form an N-type 
Subcollector region 2 having appropriately 1 um depth. A Si 
monocrystal layer 3 having 0.5 um thickness epitaxially 
grows on the Si substrate 1 and the subcollector region 2 
while doping an N-type impurity so as to covers the Sub 
strate 1 and the subcollector region 2. 
0.076 A shallow trench 4 buried with a silicon oxide layer 

is formed so as to extend from a surface of the Si monoc 
rystal layer 3 to the Si Substrate 1, as an isolation region. 
And, a deep trench 5 comprising a non-dope polysilicon 
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layer 6 and a silicon oxide layer 7 enclosing the polysilicon 
layer 6 is extended downward from the shallow trench 4 and 
formed inside the Si substrate 1. 

0.077 AHBT formation region is enclosed with the deep 
trench 5 and the subcollector region 2 is formed inside the 
Si Substrate 1 enclosed with the deep trench 5. 
0078. A region enclosed with the shallow trench 4 cor 
responds to a collector region as an active region. And 
phosphorus ions are implanted into the surface of the Si 
monocrystal layer 3 isolated by the shallow trench 4 to form 
a N'-type collector extract layer 8. 
0079. The trench 4 and the trench 5 are approximately 0.3 
um deep and approximately 2 um deep respectively. 
0080. An intrinsic base region 11 is formed directly on 
the Simonocrystal layer 3 by epitaxial growth. An extrinsic 
base region is formed directly on the shallow trench 4 
comprising the silicon oxide layer by non-selective growth. 
0081 Configurations and functions of these intrinsic base 
region 11 and extrinsic base region 12 are explained in detail 
later with reference of FIG. 2. 

0082 Asilicon oxide layer 13 is formed on the intrinsic 
base region 11. The silicon oxide layer 13 is provided with 
an open 121 for partly exposing the surface of the Si Cap 
layer 112 which is a top layer of the intrinsic base region 11 
(see FIG. 2). And an emitter electrode 16 is formed in 
contact with the surface of the Si cap layer 112 via the 
opening 121. The emitter electrode 16 is an approximately 
300 nm-thick layer and comprises N'-type polysilicon 
which is fixed to be an N-type impurity (phosphorus) of 
concentration of approximately 1 to 5x10' cm. Further, 
sidewalls 18 comprising a silicon oxide layer are arranged 
along sides of the emitter electrode 16, thereby the emitter 
electrode 16 is insulated from the base layer. 
0083. An interlayer dielectric 20 deposits over the entire 
surface of the Si Substrate 1 and contact holes are formed in 
the interlayer dielectric 20 so as to extend from the surface 
of the interlayer dielectric 20 to the extrinsic base region 12, 
the emitter electrode 16, and the collector extract layer 8. 
The first edges of tungsten (W) plugs 21 buried in the 
contact holes 21 are electrically connected to metal wiring 
22 disposed on the interlayer dielectric 20 and the second 
edges of the W plugs 21 are electrically connected to the 
extrinsic base region 12, the emitter electrode 16, and 
collector extract layer 8. 
0084 A Co (cobalt)silicide layer 19 is formed on the 
surfaces of the extrinsic base region 12, the emitter electrode 
16, and the collector extract layer 8 which are connected to 
the W plugs 21, thereby reducing contact resistance between 
the W plugs 21 and these layers 8, 12 and the emitter 
electrode 16. 

0085 Thus, the SiGe HBT 120 is configured to comprise 
the Si substrate 1, the subcollector region 2, the Si monoc 
rystal layer 3, the shallow trench 4, the deep trench 5, the 
collector extract layer 8, the intrinsic base region 11, the 
extrinsic base region 12, the silicon oxide layer 13, the 
emitter electrode 16, the sidewall 18, the interlayer dielectric 
20, the W plug 21, and the metal wiring 22. 
0086 Now, a configuration of the intrinsic base region 11 
and the extrinsic base region 12 is described with reference 
to FIG 2. 
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0087 FIG. 2 is a sectional view explaining the configu 
ration of the base layers (the intrinsic base region 11 and the 
extrinsic base region 12) of SiGe HBT. Other elements 
except for base layers are abbreviated with dot lines. 
Although SiGe material is taken as an example here, SiGeC 
material may be used. 
0088 As in FIG. 2, the intrinsic base region 11 comprises 
a monocrystal Si buffer layer 109 comprised of silicon, a 
monocrystal non-dope SiGe spacer layer 110 comprised of 
silicon and germanium, a monocrystal B-dope SiGe graded 
base layer 111 comprised of silicon and germanium, and a 
monocrystal Si cap layer 112 comprised of silicon. And 
these layers 109, 110, 111, 112 are configured to grow on the 
Si Substrate 1 in order upwardly from the Si substrate 1 by 
a vapor phase growth method (an epitaxial growth method). 
0089. The extrinsic base region 12 comprises a polycrys 

tal extrinsic base formation layer 113 comprised of silicon 
and a Co silicide layer 19 whose surface is silicided. These 
layers 113 and 19 are formed on the Si substrate 1 and are 
disposed adjacent to the monocrystal Si buffer layer 109 by 
a non-selective growth method, and thickness of the base 
formation layer 113 and the Co silicide layer 19 as a whole 
is substantially equal to that of the Si buffer layer 109. 

0090 The Si buffer layer 109 of the bottom layer in the 
intrinsic base region 11 does not function as device but is 
purposed to stabilize crystal growth of the non-dope SiGe 
spacer layer 110, as an upper layer of the Sibuffer layer 109. 
So, thickness of the Si buffer layer 109 of approximately 10 
nm to 20 nm is generally considered enough to fulfill its 
function. However, thickness of the extrinsic base formation 
layer 113 is required to adjust so as to fully silicide the 
surface of the extrinsic base formation layer 113, thereby the 
monocrystal Sibuffer layer 109 which grows simultaneously 
with the extrinsic base formation layer 113 should be 
inevitably same in thickness. 

0.091 That means the thickness of the extrinsic base 
formation layer 113 should be at least not less than 40 nm so 
that the Co silicide layer 19 of the desired thickness can be 
evenly and stably formed on the surface of the extrinsic base 
formation layer 113. Particularly, growth state of the Co 
silicide layer 19 formed on the extrinsic base formation layer 
113 is tested based on a parameter of thickness t of the 
extrinsic base formation layer 113 (t=20 nm, 40 nm, 60 nm). 
The result showed that in case the extrinsic base formation 
layer 113 is thin, the Co silicide layer 19 is not evenly 
formed and that with the thickness of at lease not less than 
40 nm, preferably not less than 60 nm, the even Co silicide 
layer 19 is obtained. 

0092. Thus, thickness of the extrinsic base formation 
layer 113 is required to set to at least not less than 40 nm, 
preferably not less than 60 nm, and thickness of the Sibuffer 
layer 109 is also required to set to not less than 40 nm, 
preferably not less than 60 nm accordingly. 
0093. As an example of an experiment on growth state of 
the Co silicide layer, the Sibuffer layer corresponding to the 
extrinsic base formation layer (hereinafter referred to as the 
extrinsic base formation layer for convenience sake) grows 
so as to have thickness of 20 nm, 40 nm, and 60 nm on the 
Si Substrate formed with a CVD oxide film of 50 nm 
thickness. Surfaces of these extrinsic base formation layers 
with each thickness as prepared above are Co silicided. 
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0094 FIG. 27 schematically shows sectional SEM pic 
tures of Co silicided surfaces of extrinsic base formation 
layers (20 nm, 40 nm, and 60 nm). FIG. 28 is a graph 
showing relation between thickness of the extrinsic base 
formation layer (represented by a horizontal axis) and sheet 
resistance of the Co silicide layer (represented by a vertical 
axis). 
0.095. In FIG. 27, with the extrinsic base formation layer 
of 20 nm thickness, the Co silicide surface based on Co 
silicidation is uneven in an island state (the CVD oxide film 
of the lower layer is partly exposed). For this reason, sheet 
resistance of the Co silicide layer in this condition (thickness 
of the extrinsic base formation layer: 20 nm) is over range 
as in FIG. 28. 

0096. As in FIG. 27, with the extrinsic base formation 
layer of 40 nm thickness, the lower CVD oxide film is 
entirely covered with the Co silicide surface based on Co 
silicidation. Further with the extrinsic base formation layer 
of 60 nm thickness, the surface of Co silicide surface based 
on Co silicidation improves flatness. In addition, as in FIG. 
28, sheet resistance of the Co silicide layer becomes lower 
as the extrinsic base formation layer becomes thicker; 
thereby the film quality is improved. 

0097 Based on FIGS. 27 and 28 as described above, it is 
assured that the experiment result which confirms necessity 
of setting thickness of the extrinsic base formation layer to 
not less than 40 nm, preferably not less than 60 nm is 
obtained. 

0.098 If thickness of the Si buffer layer 109 exceeds 120 
nm, it is not desirable because collector resistance increases. 
Therefore, a range of desirable thickness of the extrinsic 
base formation layer 113 and Sibuffer layer 109 each is not 
less than 40 nm and not more than 120 nm, preferably not 
less than 60 nm and not more than 120 nm. 

0099] The non-dope SiGe spacer layer 110 having Ge 
content of 30% and thickness of 20 nm is formed on the Si 
buffer layer 109, thereby restricting potential barrier formed 
on the Si buffer layer 109 which is produced by boron 
contained in the B-dope SiGe graded base layer 111 of the 
upper layer and diffused into the Si buffer layer 109. 
0.100 The B-dope SiGe graded base layer 111 (compo 
sition-rate graded base layer) is formed on the non-dope 
SiGe spacer layer 110. In the B-dope SiGe graded base layer 
111, a composition ratio of germanium to silicon varies in its 
thickness direction, particularly a Ge content decreases from 
30% and becomes 0% at the top of B-dope SiGe graded base 
layer 111, thereby forming gradient of a bandwidth on the 
base layer to accelerate electrons. Thickness of this B-dope 
graded base layer 111 is 12 nm and boron (P-type impurity) 
is added inside the B dope graded base layer 111 by in-site 
doping so as to make a concentration of 3x10" cm. 
0101 The Si cap layer 112 is formed on the B-dope 
graded base layer 111, thereby restricting diffusion of phos 
phorus (N-type impurity) contained in the emitter electrode 
16 into the B-dope graded base layer 111 to stabilize 
transistor property. 

0102) The Co Silicide layer 19 of the extrinsic base 
region 12 is formed on the extrinsic base formation layer 
113, thereby silicide resistance is not affected by thickness 
of the Si cap layer 112. It makes the Si cap layer 112 a 
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thinner film (e.g. approximately 5 nm to 10 nm) to further 
improve a HBT operation speed. 

0103). With SiGe HBTs as described above, the Co sili 
cide layer 19 can be formed on the extrinsic base formation 
layer 113 after the extrinsic base formation layer 113 with a 
predetermined thick film (e.g. not less than 40 nm) has been 
formed, thereby the Co silicide layer 19 can be evenly 
formed on the extrinsic base formation layer 113. In a 
process of forming the Co silicide layer 19 on the extrinsic 
base formation 113, silicidation of silicon is not inhibited by 
Ge atom because no layer containing germanium exists 
beneath the extrinsic base formation layer 113 to prevent the 
increase of the silicide resistance assuredly. 
0104 Further, because a thickness of the Si cap layer 112 
does not affect a resistance of the Co silicide layer 19, the Si 
cap layer 112 can be made thin and entire thickness of the 
intrinsic base region 11 can be reduced, thereby electron 
base transit time is easily reduced. 
0105) Next, a method for manufacturing SiGe HBTs 120 
in Such configuration is explained in detail with reference to 
drawings. 

0106 FIGS. 3 to 14 are sectional views showing a 
method for manufacturing SiGe HBTs of the first embodi 
ment. FIG. 1 is a sectional view showing the completed SiGe 
HBT manufactured by the method. 
0107 First, in a process as shown in FIG. 3., using resist 
opened to form the N-type subcollector 2 by photolithog 
raphy as a mask, arsenic ions are implanted into an upper 
surface of the P-type Si substrate 1 to form the N-type 
Subcollector 2 so as to have a depth of 1 um and an impurity 
concentration of 1x10 cm in the HBT formation region. 
0108 And then, while N-type impurity is being doped on 
the Si substrate 1, the Si monocrystal layer 3 epitaxially 
grows so as to have a thickness of approximately 0.5um and 
an impurity concentration of 1x10'7 cm. 
0109) Next, in a step shown in FIG. 4, the shallow trench 
4 which is buried with the silicon oxide film and the deep 
trench 5 which comprises the non-dope polysilicon film 6 
and the silicon oxide film 7 enclosing the non-dope poly 
silicon film 6 are formed as the isolation region, thereby the 
active region is isolated. The trenches 4, 5 have depth of 
approximately 0.3 um and 2 um respectively. 
0110. Next, in a step shown in FIG. 5, using resist opened 
for the collector extract layer formation region as a mask, 
phosphorous ions are implanted into to form the N-type 
collector extract layer 8 so as to have an impurity concen 
tration of 5x10" cm. 

0111 Next, in a step shown in FIG. 6, a low pressure 
CVD method is used to deposit the silicon oxide film 9 of 
approximately 50 nm and the polysilicon film 10 of approxi 
mately 100 nm in this order. 
0112 Next, in a step shown in FIG. 7, using resist opened 
to form a collector opening 122 in the HBT formation region 
by photolithography as a mask, the polysilicon film 10 is 
removed by a dry etching method to expose a surface of the 
silicon oxide layer 9 beneath the polysilicon film 10. There 
after, phosphorus ions are implanted into the silicon oxide 
layer 9 to form a required phosphorous profile inside the Si 
monocrystal layer 3. 
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0113. Then, in order to form the collector opening 122 
similar to a region of the exposed silicon oxide film 9, the 
silicon oxide film 9 is removed to expose a surface of the 
N-type Si monocrystal layer 3 by a wet etching method 
using an etchant Such as fluorinated acid. Thus, a region 
including an active region enclosed by the silicon oxide film 
9 is formed on the Si substrate 1 as a masking layer having 
the collector opening 122. 
0.114) Next, in a step shown in FIG. 8, a monocrystal 
epitaxial SiGe layer 11' (epitaxial base layer) having entire 
thickness of approximately 100 nm is formed by a chemical 
vapor phase growth method on the Si monocrystal layer 3 
(active region) in the region including the above mentioned 
active region. Simultaneously, a polycrystal polySiGe layer 
12' (polybase layer) is formed by a non-selective growth 
method on the shallow trench 4 (isolation region) in the 
region including the above mentioned active region. The 
polySiGe layer 12' is also formed on the polysilicon film 10. 
0.115. Here, with regard to the epitaxial SiGe layer 11' and 
the polySiGe layer 12, boron is doped so as to form these 
layers with impurity concentration of 3x10" cm during 
the growth process. These portions are to be P-type semi 
conductor. Thus, the intrinsic base region 11 comprising the 
epitaxial SiGe layer 11' is formed. 
0116. As shown in an enlarged view of region A in FIG. 
8, the epitaxial SiGe layer 11' has a multiple structure 
comprising the monocrystal Si buffer layer 109, the monoc 
rystal non-dope SiGe spacer layer 110, the monocrystal B 
dope SiGe graded base layer 111, and the monocrystal Sicap 
layer 112. As shown in an enlarged view of region B in FIG. 
8, the polySiGe layer 12" has a multiple structure comprising 
the polycrystal extrinsic base formation layer 113 simulta 
neously formed with the Sibuffer layer 109, the polycrystal 
second layer 114 simultaneously formed with the non-dope 
SiGe spacer layer 110, the polycrystal third layer 115 
simultaneously formed with the B dope SiGe graded base 
layer 111, and the polycrystal fourth layer 116 simulta 
neously formed with the Si cap layer 112. 
0.117 Next, in a step shown in FIG. 9, a low-pressure 
CVD method is continuously used to deposit the silicon 
oxide film 13 having thickness of approximately 30 nm and 
the polysilicon film 14 having thickness of approximately 50 
nm in this order. 

0118 And then, using resist opened an emitter region of 
the SiGe HBT 120 by photolithography as a mask, and the 
polysilicon oxide film 14 is removed by a dry etching 
method to expose a surface of the silicon oxide film 13 
beneath the polysilicon oxide film 14. Thereafter, the 
exposed silicon oxide film 13 is removed by a wet etching 
method using an etchant such as fluorinated acid to expose 
a surface of the intrinsic base region 11 beneath the silicon 
oxide film 13. Thereby, only the intrinsic base region 11 in 
the opening 121 of the base layer and the emitter layer can 
be exposed and the other region can be covered with the 
silicon oxide layer 13. 
0119) Next, in a step shown in FIG. 10, a low-pressure 
CVD method is used to deposit the N'-type polysilicon layer 
15 having thickness of approximately 300 nm and an 
impurity concentration of 1 to 5x10 cm in contact with 
the intrinsic base region 11 inside the opening 121. 
0120 Subsequently, a polysilicon film 15 is removed by 
an anisotropic dry etching method using resist 130 with the 
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predetermined region opened by photolithography as a 
mask, thereby forming an emitter electrode 16 comprised of 
the polysilicon film 15. 
0121 Thereafter, the silicon oxide film 13 is removed 
with this resist 130 as a mask by wet etching process using 
an etchant such as fluorinated acid. 

0122) In order to decrease resistance of the polySiGe 
layer 12" while keeping the impurity concentration of the 
intrinsic base region 11 constant and with the resist 130 
being left on the emitter electrode 16, impurity (boron) ion 
is additionally implanted into the polySiGe layer 12" (more 
properly, the polySiGe layer 12" and a portion of the intrinsic 
base region not covered with the resist 30) in an arrow 
direction of the drawing (implantation angel of 0°) so as to 
form the polySiGe layer 12" having an impurity concentra 
tion of 1x10 cm. 

0123. Next, in a step shown in FIG. 11, the polysilicon 
film 10 and the polySiGe layer 12' except for the extrinsic 
base region 12 are removed by a dry etching method using 
resist with the predetermined region opened by photolithog 
raphy as a mask to expose a surface of a silicon oxide layer 
9 beneath the polysilicon film 10. Thus, the extrinsic base 
region 12 comprised of the polySiGe layer 12' is formed on 
the Si Substrate 1. 

0124) Next, in a step shown in FIG. 12, a low-pressure 
CVD method is used to deposit the silicon oxide film 9 
having thickness of approximately 30 to 100 nm. Thereafter, 
heat treatment is performed at approximately 900° C. for 10 
to 15 seconds. 

0125 Next, in a step shown in FIG. 13, the silicon oxide 
film 9' and the silicon oxide film 9 beneath the film 9 are 
etch backed by an anisotropic etching process, thereby 
forming side walls 18 on the sides of the emitter electrode 
16. In this stage, silicon surfaces of the emitter electrode 16, 
extrinsic base region 12, and the collector extract layer 8 are 
all exposed. 
0126) Next, in a step shown in FIG. 14, among a series of 
processes for manufacturing SiGe HBTs, the process for 
etching the extrinsic base region 12 is different from the 
conventional one. Here the process is explained in detail 
with reference to enlarged views of layer structures of the 
extrinsic base region 12 and the intrinsic base region 11. 
0127 FIG. 14 (a) is a sectional view showing the SiGe 
HBT at the stage before etching process of the extrinsic base 
region 12, and FIG. 14(b) is a sectional view of the SiGe 
HBT at the stage after etching process of the extrinsic base 
region 12. 
0128. That is, the extrinsic base region 12 is illustrated to 
comprise the extrinsic base formation layer (Silayer) 113, 
and the second layer (SiGe layer) 114, the third layer (SiGe 
layer) 115 and the fourth layer (Si layer) 116 in order 
upwardly from the Si substrate 1. The intrinsic base layer 11 
is illustrated to comprise the Si buffer layer 109, the non 
dope SiGe spacer layer 110, the B dope SiGe graded base 
layer 111, and the Si cap layer 112 in order upwardly from 
the Si Substrate 1. 

0129. Other elements except for these layers are abbre 
viated with dot line. 

0130. In the previous step (FIG. 13), while the surface of 
the extrinsic region 12 is exposed, the Surface of the intrinsic 
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base region 11 is covered with the emitter electrode 16. In 
this state, the extrinsic base region 12 is wet etched using a 
mixture of nitric acid (HNO), water (HO), and fluorinated 
acid (HF) as an etchant. An etchant mixture ratio of 
HNO:HO:HF=40:20:5 is desirable. 

0131 With the etchant of the mixture ratio, selective 
etching property between Si and SiGe is excellent. More 
specifically, the etching speed of Si is 1.8 nm/min, the 
etching speed of SiGe (30% Ge composition) is 22.5 
nm/min. That means the etching speed of SiGe is 13 times 
higher than that of Si. 

0132) Therefore, the third layer (SiGe layer) 115 and the 
second layer (SiGe layer) 114 in the extrinsic base region 12 
are removed fast by etching using the above mentioned 
etchant. At the stage when the second layer 114 is removed 
by etching, the etching speed of the lower extrinsic base 
formation layer (Silayer) 113 is rapidly decreased, thereby 
it becomes difficult to proceed the etching process for the 
extrinsic formation base layer 113. 

0.133 Thus, with appropriate setting of etching time, the 
third layer 115 and the second layer 114 in the extrinsic base 
region 12 can be removed fast by etching, while only the 
extrinsic base formation 113 in the extrinsic base region 122 
can be left controllably. 

0134) Thereby, as shown in FIG. 14(b), the SiGe HBT 
left only the extrinsic base formation 113 in the extrinsic 
base region 12 can be obtained. 

0.135) Next, in a step shown in FIG. 1, a sputtering 
method is used to deposit cobalt (Co) on surfaces of the 
extrinsic base region 12, the emitter electrode 16 and the 
collector extract layer 8. After annealing treatment is per 
formed, Co unreacted layer is removed. Further, Co silicide 
layer 19 is formed on surfaces of the extrinsic base region 
12, the emitter electrode 16 and the collector extract layer 8 
by secondary annealing treatment. 

0.136 Then, the interlayer dielectric 20 deposits entirely 
over the Si substrate 1. Thereafter, the interlayer dielectric 
20 is provided with three contact holes extending through 
the interlayer dielectric 20 in its thickness direction and 
reaching the Co silicide layer 19 of each of the emitter 
electrode 16, the extrinsic base region 12 and the collector 
extract layer 8. 

0.137 Tungsten (W) buried within the contact holes pro 
duces W plugs 21. And then, a sputtering method is used to 
deposit an aluminum alloy film on the interlayer dielectric 
20, and the aluminum alloy film is patterned using resist 
opened in the predetermined region as a mask, thereby 
forming metal wirings 22 which are connected to the W 
plugs 21 respectively and extend on the inter layer dielectric 
20. Thus, the SiGe HBT 120 as shown in FIG. 1. can be 
obtained. 

0.138 According to the method of the first embodiment, 
among layers of the extrinsic base region 12, the layers 
containing Ge atom are removed by etching in advance, 
thereafter the Co silicide layer 19 is formed on the extrinsic 
base formation layer 113 comprised of Ge atom-free silicon. 
For this reason, it is ensured that base resistance increase 
resulting from inhibition of silicidation due to Ge atom can 
be prevented. 
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Second Embodiment 

0139 FIG. 15 is a sectional view showing the SiGe HBT 
of a second embodiment in the present invention. FIG. 16 is 
a sectional view showing the base layer (the intrinsic base 
region 11 and the extrinsic base region 12) of the SiGe HBT. 
Elements but the extrinsic base region 12 is abbreviated with 
dot lines. 

0140 Configurations of the SiGe HBT 130 shown in FIG. 
15 except for the extrinsic base region 12 are the same with 
that of the SiGe HBT 120 of the first embodiment (FIG. 1). 
Therefore, explanations on common configurations are 
omitted and the extrinsic base region 12 is explained with 
reference to FIG. 2. 

0141. In FIG. 16, the extrinsic base region 12 comprises 
the first polycrystal layer 113 as the extrinsic base formation 
layer, the second polycrystal layer 114 as the extrinsic base 
formation layer, the third polycrystal layer 115 as the extrin 
sic base formation layer, the fourth polycrystal layer 116 as 
the extrinsic base formation layer, and the Co silicide layer 
19. These layers 113, 114, 115, 116 are configured to grow 
on the Si substrate 1 in order upwardly from the Si substrate 
1 by a vapor phase growth method. The first layer 113 
comprised of silicon, which is disposed adjacent to the 
monocrystal Si buffer layer 109 and formed simultaneously 
with the Si buffer layer 109, has thickness of the buffer layer 
109 substantially. The second layer 114 comprised of silicon 
and germanium, which is formed simultaneously with the 
monocrystal non-dope SiGe spacer layer 110, has approxi 
mately /10 thickness of the non-dope SiGe spacer 110. The 
third layer 115 comprised of silicon and germanium, which 
is formed simultaneously with the monocrystal B-dope SiGe 
graded base layer 111, has approximately /10 thickness of 
the B-dope SiGe graded base layer 111. The fourth layer 116 
comprised of silicon is formed simultaneously with the 
monocrystal Si cap layer 112. A surface of the fourth layer 
116 is silicided to form the Co silicide layer 19. 
0142. The fourth layer 116 is set to have a thickness 
required for forming the Co silicide layer 19 (e.g. 60 nm) 
thereof. 

0143. Thickness of the second layer 114 and the third 
layer 115 can be controlled by growth because these layers 
114, 115 grows while adding reactant gas containing chlo 
rine as described later. 

0144) With the above-mentioned SiGe HBT 130, the Ge 
atom-containing layers configuring the extrinsic base region 
12 (specifically, the second layer 114 and the third layer 115) 
are thinned, which decreases a content of Ge atom of the 
extrinsic base region 12. Thereby, factors of inhibition of 
silicidation resulting from the Ge atom are appropriately 
eliminated during the process of forming the Co silicide 
layer 19 on the surface of the fourth layer 116, and resistance 
increase of the Co silicide layer 19 can be assuredly pre 
vented. 

0145 Next, a method for manufacturing the SiGe HBT 
130 in such configuration is explained in detail with refer 
ence to drawings. 

0146 FIGS. 17 to 22 are sectional views showing a 
method for manufacturing the SiGe HBT of the second 
embodiment. FIG. 15 is a sectional view showing the 
completed SiGe HBT manufactured by the method. 
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0147 Because the content of the manufacturing steps of 
the first embodiment shown in FIGS. 3 to 7 is same with that 
of the second embodiment, illustration and explanation with 
regard to these manufacturing steps are omitted. 

0.148. In a step as shown in FIG. 17, among a series of 
steps of manufacturing the SiGe HBT, the extrinsic base 
region 12 is formed differently from the conventional ones. 
The manufacturing step is explained in detail with reference 
to enlarged view showing configurations of the extrinsic 
base region 12 and the intrinsic base region 11 as in FIG. 17. 
Elements except for the base layers are abbreviated with dot 
line in FIG. 17. 

0149 The monocrystal Si buffer layer 109 epitaxially 
grows on the monocrystal Silayer 3 deposited on the Si 
substrate 1 under the conditions of non-selective growth. 
More specifically, growth of Sibuffer layer 109 is performed 
under the low growth pressure condition of 80 Torr and 
temperature condition of 650° C. using SiHa gas as material 
gas by a low-pressure chemical vapor phase deposition 
(LPCVD). 
0150. In this case, the first polycrystal layer 113 as the 
extrinsic base formation layer comprised of silicon grows on 
the shallow trench 4 simultaneously with growth of the Si 
buffer layer 109 in the intrinsic base region 11. 
0151. Subsequently, the non-dope SiGe spacer layer 110 
and B dope SiGe graded layer 11 epitaxially grows on the 
monocrystal Si buffer layer 109 under the condition of 
selective growth after shifting from non-selective growth 
condition to selective growth condition. Specifically, an 
appropriate amount of gas having etching characteristics 
Such as HCl gas, Cll gas, SiHCl is added together with 
material gas (SiHa gas, SiHe gas, GeHa gas) and growth of 
the non-dope SiGe spacer layer 110 and the B-dope SiGe 
graded base layer is performed under the growth pressure 
condition of 20 Torr and the temperature condition of 750 
C. 

0152 Under these selective growth conditions, the 
monocrystal SiGe layer fast grows on the monocrystal Si 
buffer layer 109, while the behavior of chlorine-based gas 
etching inhibits the nucleation of the polycrystal SiGe layer 
containing silicon and germanium, which makes it difficult 
for the polycrystal SiGe layer to grow on the first polycrystal 
layer 113. 

0153. For this reason, SiGe layers 114, 115 (the second 
and third layers as the extrinsic base formation layer) can 
slightly grow on the first layer 113 of the extrinsic base 
region 12. However, thickness of these layers 114 and 115 
becomes approximately /10 of that of the non-dope SiGe 
spacer layer 110 and the B-dope SiGe graded base layer 111 
by the behavior of chlorine-based etching. 
0154 Continuously, the monocrystal Si cap layer 112 of 
the intrinsic base region 11 epitaxially grows under the 
condition of non-selective growth again, after shifting from 
selective growth condition to non-selective growth condi 
tion. Specifically, using SiH4 gas and the like as material gas, 
growth of the Sicap layer 112 is performed under the growth 
pressure condition of 80 Torr and temperature condition of 
650° C. and the fourth polycrystal layer 116 comprised of 
silicon as the extrinsic base formation layer is simulta 
neously formed. 
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0155 Because the content of the manufacturing steps 
shown in FIGS. 18 to 22 and FIG. 15 is same with that of 
the first embodiment, explanations of these steps are omit 
ted. 

0156 With manufacturing method of the second embodi 
ment, thickness of the SiGe layer in the extrinsic base region 
12 is controlled to form /10 thickness of SiGe layer in the 
intrinsic base region 11 by etching function of reactant gas 
containing chlorine, thereby Ge content of the extrinsic base 
region 12 becomes approximately not more than /10 that of 
the intrinsic base region 11. Accordingly, the extrinsic base 
region 12 can be configured Substantially only by Si mate 
rial. 

0157 Thus, the Co silicide layer 19 (ref. FIG. 15) is 
formed on the fourth layer containing few Ge atom as the 
extrinsic base formation layer, thereby securely preventing 
base resistance increase resulting from inhibition of silici 
dation due to Ge atom. 

0158 Base on the above explanation, improvement and 
other embodiments of the present invention are clear for 
people skilled in the art. Therefore, the above explanation 
should be interpreted just as exemplification and is purposed 
to teach the best mode to realize the present invention to 
people skilled in the art. Details of the construction and the 
function can be practically modified without departing from 
the spirit of the invention. 

INDUSTRIAL APPLICABILITY 

0159. According to the bipolar transistor and the method 
for manufacturing of the present invention, it is possible to 
eliminate the inhibition factor of silicidation to prevent base 
resistance from increasing. And it is possible to realize the 
transistor of high performance, which is useful as a device 
built in information processing terminals and the like 

1. A bipolar transistor comprising: 

a Substrate; 

a intrinsic base region having a silicon buffer layer 
comprised of silicon which is formed on said Substrate, 
and a composition-ratio graded base layer which is 
formed on the silicon buffer layer and comprises silicon 
and at least germanium and where a composition ratio 
of the germanium to the silicon varies in a thickness 
direction of the composition-ratio graded base layer; 
and 

an extrinsic base region having an extrinsic base forma 
tion layer comprised of silicon which is formed on said 
substrate and adjacent to the silicon buffer layer; 

wherein each of the extrinsic base formation layer and 
the silicon buffer layer has a thickness of not less 
than 40 nm and a surface of the extrinsic base 
formation layer is silicided. 
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2. A bipolar transistor comprising: 

a Substrate; 

a intrinsic base region having a silicon buffer layer 
comprised of silicon which is formed on said Substrate, 
and a composition-ratio graded base layer which is 
formed on the silicon buffer layer and comprises silicon 
and at least germanium and where a composition ratio 
of the germanium to the silicon varies in a thickness 
direction of the composition-ratio graded base layer; 
and 

an extrinsic base region having an extrinsic base forma 
tion layer comprised of silicon which is formed on said 
substrate and adjacent to the silicon buffer layer; 

wherein a thickness of the extrinsic base formation layer 
is substantially equal to a thickness of the silicon buffer 
layer and a surface of the extrinsic base formation layer 
is silicided. 

3. A bipolar transistor according to claim 1, wherein the 
composition-ratio graded base layer is a silicon germanium 
graded base layer which comprises silicon and germanium. 

4. A bipolar transistor according to claim 1, wherein the 
silicon buffer layer is comprised of monocrystal and the 
extrinsic base formation layer is comprised of polycrystal. 

5. A method of manufacturing a bipolar transistor com 
prising: 

a step of forming a masking layer on a Substrate to enclose 
a region including the active region; 

a step of forming an epitaxial base layer Such that the 
epitaxial base layer has a silicon layer and a silicon 
germanium layer in the active region; 

a step of non-selectively with respect to the epitaxial base 
layer, forming a poly-base layer which comprises a 
silicon layer and a silicon-germanium layer in an 
isolation region of the region including the active 
region; and 

a step of thereafter removing the silicon-germanium layer 
of the poly-base layer by etching process to expose a 
Surface of the silicon layer as an extrinsic base forma 
tion layer, and 

a step of forming a silicide layer on the exposed Surface. 
6. A method of manufacturing a bipolar transistor accord 

ing to claim 5, wherein the etching process is a wet etching 
which uses an etchant made of a mixture comprising nitric 
acid, water and fluorinated acid. 

7. A bipolar transistor according to claim 2, wherein the 
composition-ratio graded base layer is a silicon germanium 
graded base layer which comprises silicon and germanium. 

8. A bipolar transistor according to claim 2, wherein the 
silicon buffer layer is comprised of monocrystal and the 
extrinsic base formation layer is comprised of polycrystal. 


